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ABSTRACT 


A  group  of  elevgg  explosive  materials  in  powder  and  pellet  form 
were  subjected  to  CoD  gamma  radiation  and  the  results  are  tabulated 
and  discussed.  The  explosives  were  studied  using  weight  loss,  dimen¬ 
sional  change,  vacuum  stability,  DTA,  TGA,  infrared  spectra,  melting 
point,  impact  sensitivity,  explosion  temperature  and  rates  of  deto¬ 
nation  as  a  function  of  total  gamma  exposure  up  to  and  including 
levels  of  1(TR.  Based  <>n  this  work,  a  damage  threshold  as  a  function 
of  total  gamma  dose  was  determined  for  each  material.  The  results 
in^cate  that  the  capability  of  the  explosives  studied  to  withstand 
CoD  gamma  radiation  decreases  in  the  following  order: 

TACOT  >  TaTB  >_  DATB  >  HMX  >  Tetryl  >  TNB  >  TNT  >  RDX  >_  PETN  > 

NGu  >  BaN . . 
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INTRODUCTION 


From  1966  to  1971  a  program  was  conducted  at  Picatinny  Arsenal 
to  investigate  and  determine  the  effects  of  gatmna  radiation  on  several 
explosive  materials.  The  purpose  of  the  program  was  to  determine  the 
capability  of  the  explosive  materials  to  withstand  an  ionizing  radia¬ 
tion  environment  and  to  determine  their  radiation  exposure  limits. 

This  program  was  conducted  in  conjunction  with  an  Air  Force  program 
studying  the  effects  of  gausua  radiation  on  selected  f luo to explosives . 1 
This  program  also  was  an  outgrowth  of  a  similar  study  in  which  a  large 
number  of  reactive  materials  were  subjected  to  a  nuclear  reactor  ra¬ 
diation  environment  in  order  to  determine  their  radiation  resistance.2’* 

The  following  explosives  were  studied: 

1.  BaN,  (barium  azide) 

o 

2.  DATB  (dlaminotrinltrobenzene) 

3.  HMX  (cyrlotetramethylenetetranitramine) 

4.  NGu  (ni troguanidine) 

5.  PETN  (penetaerythrltol  tetranitrate) 

6.  RDX  (cyclotrimethylenetrinitramine) 

7.  TACOT  (tetranitrodibenzotetraazopentalene) 

8.  TATB  (triaminotrinitrobenzene) 

9.  Tetryl  (trinitrophenylethylnitr&mine) 

10.  TNB  (1,3,5  trinitrobenzene) 

11.  TNT  (2,4,6  trinitrotoluene) 


2 


UNCLASSIFIED 


S*curitj^CIinirsficDtlcj^ 


8&r&2lL 


DOCUMENT  CONTROL  DATA  RED 


ORifltN*  TlwO  ACTIVITY  fCMfM |#  «urfl«Tj 


Picatinny  Araencl ,  Dover,  N.  J.  07801 


1*.  RIPONT  Dfl  CURl’y  C  L  A  S  Ml  R  it  ATION 

Unclassified 


I  RIROR T  Title 


Radiation-Induced  Changes  in  Explosive  Materials 


«  OIICNIF Ti  v  |  noth  (T*P*  of  rmp*f1  mnd  IiicImim  bmima) 


t  *uTHONil)  (?/i«f  ru*j,  <i7iCi>  inittsi,  n iAf  ammxT" 


Louis  Avrami,  Henry  J.  Jackson*  Maurice  S.  Ki rshenbaura 


"  REPORT  DAT* 

December  ly/J 


iL 


ib.  no  of  na.Fi 

ii 


*•  CONTRACT  on  SUIN’  NO 

a.  nnojic ▼  mo 

*  AMCS  611102. 11. S5601 

4. 


da  omoiNA  Ton'i  akaoay  momhpiii 


Technical  Report  4602 


•*  O  T  HER  A I  »*0  A  t  NUiai  (Any  otflfi  DiMNH  N  4\m  I  Mjr  bm  m«ml0\»4 


I  ft  D'fTRIIUTlCN  ITAllMENT 


Distribution  of  this  document  is  unlimited. 


II  IURRI>Cu(NTARY  NOTH 


11  IfONtCRlNE  MILITARY  ACTIVITY 


I*  ACT 

^  A  group  of  eleven  explosive  materials  in  powder  and  pellet  foiw  were  subjected  to 
Co  gamma  radiation  and  the  results  are  tabulated  and  discussed.  The  explosives  were 
studied  using  weight  lo3s,  dimensional  change,  vacuum  stability,  DTA,  TCA,  Infrared 
spectra,  melting  point.  Impact  sensitivity,  explosion  temperature  and  rates  o£  deto¬ 
nation  as  a  function  of  total  gamma  exposure  up  to  and  Including  levels  of  10  r . 

Based  on  this  work,  a  damage  threshold  as  a  function  of  total  gamma  dose  was  deter¬ 
mined  for  each  material^  The  results  indicate  that  the  capability  of  the  explosives 
studied  to  withstand  Co  gamma  radiation  decreases  in  the  following  order: 

TACOT  >  TATB  N  DATS  >  HMX  >  Tetryl  >  TNB  >  TNT  >  RDX  >  FETN  >  NGu  >  BaN, . 
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RADIATION  ENVIRONMENT 


The  effects^gf  gamma  radiation  on  the  explosive  materials  were 
studied  using  Co  radiation  consisting  of  1.173  Mev  and  1.332  Mev 
gamma  rays.  Since  these  two  groups  are  emitted  in  equal  quantities, 
the  energy  is  usually  reported  as  1.25  Mev,  the  average.  Because  the 
gamma  ray  energy  is  in  the  intermediate  energy  range,  the  major  ra¬ 
diation  damage  to  the  organic,  materials  studied  in  thlB  program  was 
Induced  by  ionization  caused  by  the  predominant  Compton  effect. 

The.  10,000  curie  Co*^  radiation  source  used  is  located  at 
Picatinny  Arsenal.  The  radiation  intensities  were  determined  by  the 
LiF  thermoluminescent  dosimgtry  method.  The  dose  rates  in  this  study 

ranged  from  6.4  to  9.2  x  10  R/hr  wnile  the  total  exposures  were  from 
7  9 

10  R  to  over  10  R.  In  this  report,  the  unit  chosen  to  express  the 
exposure  is  the  roentgen  (R)  .  The  energy  conversion  factor  for  ab¬ 
sorbed  dose  are; 

1R  (of  dry  air)  **  87.7  ergs  (absorbed)/g  (C) 

1.14R  -  100  ergs/g  (C)  ■  1  rad 


EXPERIMENTAL  PROCEDURE 


The  irradiated  explosive  materials  were  in  two  forms :  powder 
(granular)  and  pellets  pressed  from  the  powder.  The  cylindrical 
pellets,  pressed  without  binders,  were  1/2-inch  thick  and  about 
3/4-inch  long. 

For  irradiating  the  explosive  powders,  about  1,5  grams  of  ex¬ 
plosive  were  placed  in  a  quartz  vial  (50  wm  long,  9  nan  I.D.  and  1  mm 
wall  thickness)  and  four  vials  were  placed  in  a  12-inch  ].ong  aluminum 
tube  with  a  1/2-inch  O.D.  and  a  0.22-inc.h  wall  thickness.  The  vials 
were  centered  in  the  tube  by  means  of  a  3/8-inch  diameter  aluminum 
or  glass  rod.  The  bottom  of  the  tube  was  closed  by  using  glass  wool 
aa  a  plug.  This  assembly  was  then  inserted  into  a  stainless  steel 
containment  capsule.  This  capsule  was  constructed  from  1  1/2-inch- 
diameter,  12-inch-long  No.  316  stainless  steel  pipe  with  a  0.145-inch 
wall.  The  bottom  end  of  the  cap3ule  was  closed  by  a  welded  stainless 
steel  pipe  end  cap.  The  top  section  which  is  welded  to  the  pipe  con¬ 
sists  of  an  adapter  with  a  threaded  hole  into  which  a  3/4-inch  O.D. 
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threaded  stainless  steel  plug  is  screwed.  The  plug  was  reamed  out 
so  that  when  the  aluminum  tube  with  the  powder  samples  is  Inserted 
into  the  capsule,  the  screwing-in  of  the  plug  automatically  centers 
the  tube.  Figure  1  Illustrates  the  containment  capsule,  the  aluminum 
tube,  and  the  quarts  vials  with  powder  prior  to  assembly.  The  over¬ 
all  length  of  the  capsule  is  14  inches. 

The.  purpose  of  t^g  capsule  was  to  serve  as  a  containment  vessel 
to  ensure  that  the  Co  source  would  not  be  damaged  in  any  way  if  any 
of  the  explosive  detonated  daring  irradiation.  This  capsule  had  been 
tested  to  contain  a  detonation  produced  by  20  grams  of  pressed  HMX.1 

To  irradiate  the  1/2-iuch  diameter  pellets  a  5/8-inch  O.D.  alumi¬ 
num  tube  with  a  0.035-inch  wall  was  used.  In  this  12-inch  tube,  seven 
pellets  were  placed,  the  height  being  governed  by  a  1/2-lnch  diameter 
glass  or  aluminum  rod.  This  in  turn  was  kept  in  place  by  a  glass  wool 
plug  at  the  bottom  of  the  aluminum  tube.  Because  the  amount  of  ex¬ 
plosive  used  was  larger,  the  containment  capsule  for  the  pellets  had 
to  be  thicker  walled  than  the  capsule  for  the  explosive  powder.  Thus, 
while  otherwise  similar  to  the  powder-containing  capsule,  the  capsule 
for  the  explosive  pellets  was  designed  to  have  0.200-inch -thick  walls 
instead  of  the  0.145-inch  walls  used  for  the  powder-containing  capsule. 
This  capsule  had  been  tested  to  contain  the  detonation  produced  by 
50  grams  of  pressed  HMX.1  These  capsules  have  been  used  for  gamma 
irradiations  and  also  as  shipping  containers  for  explosive  materials 
for  the  past  seven  yearB  without  any  incidents . 

The  effects  of  radiation  on  the  listed  explosives  were  determined 
by  measuring  changes  in  the  physical,  chemical  and  explosive  charac¬ 
teristics  of  these  compounds  before  and  after  irradiation  using  a 
variety  of  standard  laboratory  tests: 

a.  Thermal  Stability 

1.  Vacuum  stability 

2.  Weight  less  and  dimensional  charge 

3.  Differential  thermal  analyses  (DTA) 

4.  Thermogravimetric  analysis  (TGA) 
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b.  Purity 

1.  Malting  points  and  color  change 

2.  Infrared  spectra  (IR) 

c.  Sensitivity 

1 .  lmpac 

2 .  Explosive  temperature 

d.  Explosive  performance 
1.  Detonation  velocity 


The  majority  of  the  measurements  of  the  physical,  chemical  and 
explosive  properties  of  the  irradiated  explosives  were  obtained  soon 
after  irradiation,  normally  within  hours  after  removal  from  the 
radiation  chamber.  Most  of  the  values  of  the  control  samples  (un¬ 
irradiated  materials)  were  determined  during  the  period  when  the  ir¬ 
radiated  explosives  were  in  the  radiation  chamber.  Other  data  in  the 
open  literature  was  also  used  for  comparison  purposes .  In  other 
Instances  some  of  the  tests  were  repeated  after  a  time  interval  to 
confirm  if  all  of  the  changes  noted  were  permanent.  The  kinetics  in¬ 
volved  with  the  changes  were  not  determined. 

a.  Thermal  Stability 

The  effect  of  gamma  radiation  on  the  thermal  stability  of  the 
explosives  under  atudy  was  determined  from  results  of  the  vacuum 
stability  tests,  weight  loss  measurements  on  powder  and  pellet  samples, 
differential  thermal  analyses  (DTA)  and  thezmogravimetric  analyses 

U'GA)  . 


1.  Vacuum  Stability 

The  vacuum  stability  teat  (VST)  results  of  the  explosives 
studied  were  obtained  at  100® ,  120°  and  200°C .  At  200 ’C  the  test  was 
conducted  with  a  0.2  gram  sample  and  the  volumes  of  gas  evolved  was 
measured  alter  a  2  hour  interval.  At  the  other  temperatures  the  sample 
size  was  1  gram  and  the  gas  evolved  was  measured  after  40  hours.  The 
VST  results  are  listed  in  Table  1. 


EFFECT  OF  GAMMA  RADIATION  ON’  EXPLOSIVES  AS 
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TABLE  1  (Continued) 
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TABLE  1  (Continued) 

_ Vacuum  Stability  Teat _ 

Exposure  Rate  Total  Dose  100°C  12C°C  2008C 

Explosive  P>/hr . _  R _  cc/g/40  hrs  ■  cc/g/40  hrs.  cc/  .2r/1  hrs. 
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NOTES:  a.  For  a  0.52  gram  sample 

b.  Tested  for  one  hour 

c.  For  a  0.51  gram  sample 


2 .  Weight  Lobs  Mcasuremcr  ta 


The  explosive  powder  samples  vere  weighed  in  the  quartz 
vials  while  the  pressed  pellets  were  weighed  directly.  The  dimensional 
measurements  were  made  within  +  0.0005  inch.  The  densities  of  the  ex¬ 
plosive  pellets  were  determined  from  weight  and  dimensional  data.  The 
dimensional  changes  due  to  the  effects  of  total  gamma  done  in  the  ex¬ 
plosive  pellets  are  shown  in  Table  2.  The  weight  losses  of  the  explo¬ 
sives  in  powder  form  as  a  function  of  total  gamma  dose  are  shown  in 
Figure  2  while  the  weight  losses  of  the  explosives  in  pellet  form  are 
shown  in  Figure  3. 

3 .  Differential  Thermal  Analysis  (DTA) 

The  DTA  studies  were  conducted  using  a  duPont  900  Differ¬ 
ential  Thermal  Analyzer  at  a  heating  rate  of  20°C/minute  while  in  a 
nitrogen  atmosphere  In  this  thermal  study  the  temperature  differen¬ 
tial  between  the  material  under  investigation  and  a  thermally  inert 
reference  sample  was  measured.  The  onset  and  peak  values  in  the  endo- 
therms  and  exotherms  were  recorded.  Comparisons  were  made  with  the 
same  values  obtained  in  the  thermograms  for  the  irradiated  explosives. 
The  unirradiated  material  la  referred  to  as  the  standard  or  control 
sample  and  comparisons  were  made  as  a  function  of  the  total  gamma 
dose  =  The  results  sre  listed  in  Table  3  and  the  PTA  theraoj'-®™  Cor 
each  of  the  explosives  are  depicted  in  Figures  A  through  14 .  In  these 
figures  the  peak  values  in  the  endotherms  and  exotherms  are  annotated. 

4 .  Thermogravlmetric  Analyses  (TGA) 

Another  thermal  parameter  which  was  measured  as  a  function 
of  temperature  was  the  change  in  mass .  The  volitizatlon  of  a  substance 
can  be  followed  by  the  standard  non-isothermal  thermogravlmetric  method. 
By  this  procedure  decomposition  which  results  in  gaseous  products  is 
detected,  and  a  quantitative  measure  of  the  amount  and  rate  of  decom¬ 
position  at  each  temperature.  The  TGA  thermograms  are  sufficiently 
reproducible  to  permit  the  determination  of  the  temperature-stability 
ranges  of  the  explosive  materials.  The  thermogravlmetric  studies  were 
performed  with  the  duPont  950  Thermal  Gravimetric  Analyzer  (TGA)  which 
la  an  attachment  to  the  duPont  900  DTA.  In  this  study,  normally  a 
20°C/min.  heating  rate  (which  was  the  rate  used  in  the  DTA  studies) 
va>,  used,  and  the  temperature  at  which  a  101  weight  loss  occurred  was 
recorded.  Also  for  several  of  the  explosives  other  heating  rates 
(10°C/min. ,  50°C/min.  and  80°C/min.)  were  used  and  the  temperature 
was  noted  in  which  the  total  or  maximum  weight  loss  was  believed  to 
have  occurred.  The  results  obtained  as  a  function  of  total  dose  are 
listed  in  Table  4. 


10 


Total  Exposure  Weight  Loaa  Diameter  Change  Length  Change  Denalt 


DIFFERENTIAL  THERMAL  AN/LYSIS  (DTA)  DATA  FOR  IRRADIATED  EXPLOSIVES 
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TABLE  3  (Continued) 


-•o 


II 


£ 

■H 

CD 

O 

% 

£4 


a. 

a 

H 

*r4 

a 

1 

Q 

1 

O 

e 

m  • 

*  4-» 

u 

o 

CM  «) 

« 

t5 

Cl 

Q 

a 

<&>  * 

O  (S  H  CO 

in  m  m  in 

cm  cm  cm  cm 


vo  co  co  (o  kj 
\o>  o>  on  oo  oo 
cnlrojcojcnlrolcn 


N  N  OS  ^ 
CO  N  fN  v£J  vO 
co  n  fo  rs 


o  O  0*n 
CO  NN  H  O 
VO  CM  CM  CM  I  CM 
CM 


o  m  o  on  o 

cocoroosr^ 

CM  CM  CM  %H  rH 


O  On  ©  m  Mf 

CM  «H  CM  Os  O 

CM  CM  CM  rH  H 


MT 

§ 

n 

8 

o 

m 

in 

o 

O 

© 

m 

o 

O 

m 

8 

r^. 

CO 

lf\ 

m 

o 

o 

o 

3 

vC 

so 

in 

m 

CM 

CM 

CM 

o 

m 

r^. 

vr 

m 

CM 

CM 

CM 

CO 

«o 

CO 

CO 

fO 

CO 

CO 

CO 

<o 

CO 

»H 

i-i 

rH 

rH 

iH 

r— 

ON 


£1 


o 

Os 


to  o 

CN  os  <0  ON 
H  H I  H  H 


O  O  40  o 

00  0&  N  N 


coco  rs  Mon 

CM  CM  CM  «H lO 
pH  H  H  H|H 


o  o  o  c->  n 

cm  cm  cm  as 


H  r- 1 
m  so 
<o  cO 


cijr-*  vu  tn 

ini-j  m  vf 

co|co  cn  co 


»n  m  o 
cm  <o  cm  o 

CO  CO  cn  CO 


1-1  ON  O  cm 
CM  H  CM  H 


o  ©  o  o 

rH  O  O  On 


0 

OO 

a> 

> 

ON 

r**-  o 

r-  oo  on  on 

rN  is  oo  os 

ON  ON 
a)  o  O 

00  Os 

O 

•H 

©  ©  rH 

o  o  o  o 

o  o  o  o 

O  O  rH  iH 

o  o  o 

© 

» 

•H  *H 

r(  H  H  rH 

H  rH  rH  «H 

»H  »H 

rH  *H  «H 

4J 

o 

o 

rH 

ft 

w 

X 

O  H  X 

NO 

O  O  O 

©  O  K  X  X  K 

Sf  CM  rH  r>> 

*  •  >  • 

O  X  X  X  K 

O  O  <r  o) 

•  •  •  • 

X  X 

O  X  X 

m  <• 

^  <N  O  ^ 

O  X  X  X 

m  co  o 

H 

H  (JS  H 

HHHCO 

H  Os  Pn  CM 

H  H  H  H 

rH  r-}  rH 

3 


« 

H 


& 

4-1 

9) 

H 


16 


(Continued) 
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THERKOGRAVIMETRIC  ANALYSIS  (TGA)  DATA  FOR  IRRADIATED  EXPLOSIVES 
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TABLE  A  (Continued) 
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TABLE  4  (Continued) 
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b .  Purity 


1.  Melting  Points  and  Color  Cnange 

The.  melting  points  were  obtained  to  determine  the  changes 
caused  by  ionizing  radiation  in  the  purity  of  each  explosive  material . 
Also  from  a  visual  point  the  color  changes  wore  noted  for  each  dosage. 
The  results  are  given  in  Table  5.  As  can  be  expected  the  principal 
effect  on  practically  all  the  explosives  was  to  lower  their  melting 
points .  This  can  also  be  compared  to  the  endotherms  in  the  DTA 
thermograms . 


2.  Infrared  Spectra  (IR) 

Infrared  absorption  can  be  used  for  the  identification  of 
a  pure  compound  and  for  the  detection  of  significant  changes  in  the 
molecular  structure  of  a  compound  which  has  been  subjected  to  a  par¬ 
ticular  environment.  Usually  these  changes  are  indicated  by  the  dis¬ 
appearance  or  appearance  of  bands,  or  a  combination  of  both.  The  de¬ 
tection  of  these  changes  usually  depends  on  the  nature  of  the  reaction 
product  or  impurity  and  its  concentration,  which  usually  must  be 
greater  than  one  percent. 

The  inflated  (IR)  spectra  for  the  explosives  were  ob¬ 
tained  by  the  KBr  (potassium  bromide)  pellet  technique  before  and 
after  irradiation.  The  spectrum  of  the  irradiated  sample  compared 
to  that  of  the  control.  The  IR  spectra  of  all  the  explosives  except 
BaN,  did  not  indicate  any  significant  changes  when  compared  to  the 
control  IR  spectra.  The  changes  in  BaN^  are  shown  in  Figure  15  which 
will  be  discussed  later. 

c.  Sensitivity 


To  determine  the  effects  of  gamma  radiation  on  the  sensitivity 
characteristics  of  the  explosiven  studied s  the  tests  selected  were  the 
impact  sensitivity  test  (mechanical  stimulus)  and  the  explosion  temper¬ 
ature  test  (thermal  sensitivity). 

1.  Impact  Sensitivity 

To  measure  the  sensitivity  of  an  explosive  sample  to 
mechanical  impact,  the  Picatinny  Arsenal  impact  machine  was  used. 

With  a  2  kg  dropweight  the  height  of  fall  in  inches  which  produces 
explosions  in  50%  of  the  samples  tested  is  the  reported  impact  sensi¬ 
tivity  index.  The  procedure  used  to  determine  the  50%  point  was  the 
Bruceton  up-and-down  method. 
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TABLE  5 


EFFECT  OF  GAMMA  RADIATION  ON  THE  ME  1G 
POINT  AND  COLOR  OF  EXPLOSIVES 


Melting 


Explosive 

Total  Dose 

R 

Point 

°C 

BaN, 

0  7 

201.5 

1.4  x  10' 

1.2  x  ior 

205.5 

— 

1.0  x  10* 

— 

DATB 

0  7 

283.5 

1.5  x  10' 
1.3  x  10® 

283.5 

282.5 

1.2  x  101 
4.0  x  10* 

281.5 

HMX 

0  7 

273.5 

1.3  x  10' 
1.1  x  10® 
1.0  x  10* 

271.0 

271.0 

255  Dec. 

NGu 

0  7 

239 

1.3  x  10' 
l.i  x  io:  , 
1.0  x  10* 

237 

232 

PETN 

0  7 

141.5 

1.0  x  107 

141.5 

9.0  x  10 
1.06  x  10* 

136 

BTJX 

n 

v  7 

i  n-t  c 

1.0  x  IQ' 

198 

9.0  x  10 
1.06  x  10 

203 

191  Dec. 

TACOT 

0  7 

390  Dec. 

1.4  x  10' 
1.2  x  10“ 

390  Dec. 

388  Dec . 

1.1  x  10* 
3.7  x  10 

378  Dec. 

Color 

White 

White 

White  Exploded  @  260 

White  No  Reaction  <?  290 

Yellow 
Yellow  Green 
Green 

Dark  Brown 
Purplish  Brown 

White 

White 

White 

White 

White 
Off  White 
Yellowish  White 
White 

White 

White 

White 

White  Paste 

T«.  •  M 

miiLe 

White 

White 

White  Paste 

Red  Orange 
Red  Orange 
Brownish  Orange 
Reddish  Dark  Brown 
Maroon  Dark  Brown 
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TABLE  5  (Continued) 


Mel  ting 


Explosive 

Total  Dose 

R 

Point 

°C 

Color 

TATB 

0 

7 

400  Dec . 

Yellow 

1.0  x 

10 ' 

400  Dec. 

Yellow  Green 

9.0  x 

1  A' 

luR 

400  Dec . 

Green 

7.4  x 

10® 

400  Dec . 

Dark  Green 

2.8  x 

109 

400  Dec. 

Blackish  Green 

Tetryl 

0 

7 

129 

Yellow 

1.4  x 

108 

129 

Dark  Yellow 

1.2  x 

10® 

128 

Brownish  Yellow 

1.0  x 

109 

Brownish  Yellow 

TNB 

0 

7 

120 

Pale  Yellow 

1.5  x 

108 

120 

Yellow 

1.3  x 

i°® 

120 

Yellow 

1.0  x 

109 

113 

Brown 

TNT 

0 

7 

81,5 

Light  Yellow 

1.0  x 

108 

80.5 

Yellow 

in  — 

X«U  A 

i 

-to  C 

/  u  ♦«! 

n  — _ l-  t»_  i  i - 

UQLA  XCX-LUW 

1.0  X 

10' 

Brownish  Yellow 
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FIGURE  1 


The  Bruceton  50X  fire  values  for  the  control  and  irra¬ 
diated  explosives  are  listed  In  Table  6.  The  gamma  radiation  did  not 
affect  the  impact  sensitivity  of  all  the  explosives  the  same  way. 

Some  explosives  showed  an  increase,  some  a  decrease  and  others  essen¬ 
tially  no  change  in  sensitivity.  However,  in  every  case  at  the  upper¬ 
most  dose  levels  the  "go"  values  did  not  sound  as  powerful  as  those 
for  the  control  samples . 


2.  Explosion  Temperature 


The  explosion  temperature  test  1b  used  as  a  means  of  de¬ 
termining  the  thermal  sensitivity  of  an  explosive  material.  By  this 
method  the  time  to  explosion  for  a  given  temperature  is  determined 
for  an  explosive.  The  relationship  for  explosive  materials  between 
the  time  to  explosion  and  the  temperature  T  is  expressed  by  the 
expression: 


t 


.  E  /RT 
Ae  a 


(1) 


where  E  is  the  activation  energy  in  kcal/mole,  A  is  a  constant  de¬ 
pendent  on  the  geometry  of  the  experiment  and  the  composition  or  the 
explosive,  T  is  the  explosion  temperature  in  °K,  and  R  is  the  univer¬ 
sal  gas  constant.  In  logarithmic  form  this  equation  is 

In  t  -  In  A  +  E  /RT  (2) 

a 

In  the  plot  of  In  t  vs  T  \  the  slope  of  the  straight 
line  obtained  is  equal  to  E  /RT  permitting  the  determination  of  E 
which,  in  reality,  is  only  an  apparent  activation  energy  since  the 
entire  explosive  is  not  subjected  simultaneously  to  isothermal  heat¬ 
ing.  The  confined  or  closed  method  of  obtaining  the  explosion  tempera¬ 
ture  curves  was  first  proposed  by  Henkin  and  McGill4  and  modified  by 
Zinn  and  Rogers5  and  others6'7.  Figures  16  through  26  display  the 
explosion  temperature  curves  for  all  of  the  explosives  before  and 
after  irradiation.  The  apparent  activation  energies  were  obtained 
from  the  slope  of  each  curve  which  was  determined  by  the  least  square 
method.  These  are  listed  with  the  5-second  explosion  temperature  for 
each  explosive  in  Table  7.  The  effect  of  total  gamma  dose  on  the  5- 
second  explosion  temperature  for  each  explosive  is  shown  in  Figure  27 . 


d.  Detonation  Velocity 

The  rates  of  detonation  were  measured  by  the  pin  machine 
technique.  The  method  utilizes  ionization-operated  pin  switches 
located  along  the  rate  stick  (explosive  charge)  at  known  distances. 
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TABLE  6 


IMPACT  SENSITIVITY  DATA  FOR  IRRADIATED  EXPLOSIVES 
50X  FIRE  HEIGHT  IN  INCHES  BY  BRUCETON  METHOD  - 

Total  Co60 

£gl°*lgC  fcM»an-Ind.c.  g-std.  Dev. -Inch.. 


BaN, 

o 

o  7 

1.4  x  10' 

1.2  x  i or 

1.0  x  10s 

11.22 

7.03 

11.42 

36+  (a) 

1.30 

5.18 

1.67 

DATS 

0  7 

1.5  x  10' 

1.3  x  10? 

1.2  x  10* 

20.64(b) 

19.00 

17.80 

13.50 

6.20 

1.26 

1.99 

1.51 

HMX 

0  7 

1.3  x  lo' 

1.1  x  10® 

1.0  x  10* 

14.04 

11 .04 

8.96 

9.96 

1.04 

1.44 

2.57 

2.40 

NGu 

0  7 

1.3  x  lo' 

1.1  x  10® 

1.0  x  10* 

27.78 

20.70 

24.83 

36+  (a) 

2.22 

2.21 

1.49 

PETN 

°  7 

1.0  x  10, 

9.0  x  lo' 

1.0  x  10 

9.23 

7.69 

7.56 

(O 

4.47 

3.28 

7.45 

RDX 

0 

1.0  x  10' 

9.0  x  JO' 

1.0  x  10* 

14.75 

14.30 

11.50 

(c) 

a  A  + 

J  .oo 

0.63 

0.76 

TACOT 

0  7 

1.4  x  10  ' 

1.2  X  10® 

1.1  x  10* 

12.0 

12.5 

12.32 

11.83 

1.86 

1.34 

1.25 

2.28 

TATB 

0  7 

1.0  x  10' 

9.0  x  10  ' 

7.4  x  10® 

22.16 

17.6 

18.39 

17.1 

3.19 

1.28 

0.93 

3.12 
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TABLE  6  (Continued) 


Gamma  Dose-R 

X -Mean-Inches 

ct-STD.  Dev. -Inches 

Tetryl 

0  7 

17.3 

0.96 

1.4  x  10' 

1.2  x  10° 

16.2 

0.81 

19.5 

0.86 

1.0  x  10* 

18.25 

3.28 

TNB 

0  7 

23.26 

4.58 

1.5  x  10' 

1.3  x  10° 

18.5 

2.96 

20.5 

1.89 

1.0  x  10* 

32.5 

4.15 

TNT 

0  7 

25.5 

7.48 

3  .0  x  10' 

1.0  x  10° 

26.5 

8.41 

— 

— 

1.0  x  10* 

30.11 

5.55 

NOTES :  2  kg  drop  weight  with  Plcatinny  Arsenal  Impact  apparatus  - 

room  temp.  70aF  -  rel.  urn.  53% 

(a)  No  detonation  In  25  trials. 

(b)  All  DATB  data  based  on  burned,  no  explosion. 

(c)  Explosive  became  gummy  during  Irradiation  and  stuck  in  vial. 
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TABLE  7 


EFFECT  OF  GAMMA  RADIATION  ON  EXPLOSION  TEMPERATURE 
AND  APPARENT  ACTIVATION  ENERGY  OF  EXPLOSIVES 


5  Second 

Apparent 

To tel  Dose 

Explosion  Temp. 

Activation  Energy 

Explosive 

R 

°C 

Kcal/Kole 

BalT 

0  ft 

1.2  x  10° 

312 

26.32 

O 

249 

18.85 

DATS 

0  7 

396 

14.44 

1.5  x  10' 

1.3  x  ior 

384 

17.83 

373 

15.95 

1.2  x  10* 

365 

17.74 

HMX 

0  7 

300 

14.45 

1.3  x  10' 

i.i  x  io: 

290 

16.36 

286 

23.50 

1.0  X  10* 

201 

6.10 

NGu 

0  7 

288 

17.91 

1.3  x  10' 

1.1  x  10 

282 

14.72 

286 

15.04 

PETN 

0  7 

228 

18.12 

9.0  x  10,' 

222 

14.16 

RDX 

o  7 

261 

14.15 

9.0  x  10 

249 

14.61 

TACOT 

0  , 

415 

31 .14 

1.4  x  10' 

1.2  x  10p 

411 

26.16 

407 

26.58 

1.1  x  10* 

404 

27.50 

TATB 

0  7 

403 

19.30 

1.0  x  10 ' 

394 

18.91 

9.0  x  10' 

7.4  x  10° 

370 

16.18 

345 

29.28 

Tetryl 

0  8 

1.2  x  10° 

243 

14.18 

236 

13.52 
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TABLE  7  (Continued) 


5  Second 

Apparent 

Total  Doee 

Exploeion  Temp. 

Activation  Energy 

Exploeive 

R 

•c 

Real /Mol* 

TNB 

0  7 

452 

24.86 

1.5  x  10' 

1.3  x  10° 

434 

42.28 

458 

19.47 

TNT 

0  7 

396 

21.70 

1.0  x  10' 

i.o  x  ior 

389 

15.05 

394 

18.37 

1.0  X  10* 

345 

19.23 
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FIGURE  16  Explosion  Temperature  Curves  for  BaN, 
Before  and  After  Gamma  Irradiation 
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EXPLOSION  TIME-  SECONDS 


FIGURE  17  Explosion  Temperature  Curves  for  DATB 
Before  and  After  Gamma  Irradiation 
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EXPLOSION  TIME -SECONDS 
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FIGURE  19  Explosion  Temperature  Curve  for  Nitroguanidine 
(NGu)  Before  and  After  Gamma  Irradiation 
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1.7 


FIGURE 


1.8  1.9 

J/*K  8  tOB  (DEO  ”* ) 


21  Explosion  Temperature  Curves  for  RDX 
Before  and  After  Gamma  Irradiation 
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■EXPLOS  ION  TIME  -  SECONDS. 


FIGURE  22  Explosion  Temperature  Curves  for  TA.COT 
Before  and  After  Grmims  Irradiation 
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EXPLOSION  TIME- SECONDS 


(3.)  3anxvaadW3i  woisoidxa  qnodjs-s 


Explosion  Temperature  Curves  for  Tetryl 
Before  and  After  Gamma  Irradiation 


EXPLOSION  TIME -SECONDS 


Explosion  ii-L)r.v.icv;?.vut>j  Curves  for  TK-B 
3arore  and  After  tituhm  Irradiation 
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I/*K  x  K)1  (DEO"') 


FIGURE  27  Effect  of  Gamma  Radiation  on  5-Second  Explosion  Temperature 
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The  rate  stick  consisted  of  approximately  eight  1/2-inch  diameter , 

3 /4-inch  long  explosive  pellets  in  a  row  and  held  together  by  end 
plfitea.  Each  pin  was  made  up  of  two  0.0003-inch  strips  of  silver 
foil  placed  between  each  explosive  increment  with  the  foil  ends 
separated  by  a  1/16-inch  gap.  A  pair  of  five  copper  wires  connected 
each  pin  to  the  signal  mixer  circuit,  a  network  of  capacitors  end 
resistors.  An  array  is  shown  in  Figure  28.  As  the  detonation  wave 
passes  through  the  explosive  charge  the  electric  pulses  are  picked 
up  on  the  master  scope.  The  events  are  recorded  on  film  and  the  rates 
of  detonation  are  computed  from  the  explosive  increment  lengths  snd 
the  time  measurement  displacements  on  the  film. 

Figure  29  illustrates  the  effects  of  Co^°  gamma  radiation  on 
the  rates  of  detonation  with  the  results  listed  in  Table  8.  The  ir¬ 
radiated  pellets  were  the  samples  used  to  determine  the  changes  in 
weight  loss  and  dimensions  in  Table  2.  Since  BaN,  could  not  be  deto¬ 
nated,  pellets  of  this  material  were  not  irradiated. 


Since  the  densities  and  detonation  velocities  were  available 
at  the  various  irradiation  levels  the  detonation  pressure  was  approxi¬ 
mated  by  using  the  hydrodynamic  relationship 


?  -  p  D  u  (3) 

which  defines  the  detonation  pressure  P  in  terms  of  the  loaded  density 
p,  the  detonation  velocity  D,  and  the  particle  velocity  u,  for  stable 
detonations.  For  solid  C-H-N-0  explosives  the  approximation 


u 


(4) 


has  been  found  to  be  useful.  Substituting  (4)  in  (3) 


n 


2 


(5) 


When  p  Is  expressed  in  g/cc  and  D  in  cm/ysec,  P  Is  in  units  of  mega¬ 
tons.  The  values  obtained  with  (5)  generally  show  good  agreement  to 
within  10Z  of  measured  detonation  pressures1 .  The  calculated  detona¬ 
tion  pressures  are  listed  in  Table  8  while  a  plot  of  the  detonation 
pressure  versus  density  is  shown  in  Figure  30. 
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FIGURE  28  Detonation  Velocity  Test  Array 
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FIGURE  29  Effect  of  Gamma  Radiation  on  the 
Detonation  Velocity  of  Explosives 
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FIGURE  30  Detonation  Pressure  Versus  Density  for 

Explosives  Before  and  After  Gamma  Irradiation 
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RESULTS  AND  DISCUSSION 


In  evaluating  the  effects  of  Co  gamma  radiation  on  the  explo¬ 
sives  studied  in  this  program  the  changes  in  the  properties  of  each 
explosive  were  first  examined  as  a  function  of  total  dose .  The  total 
gamma  radiation  threshold  was  then  determined.  These  threshold  values 
were  compared  with  each  other  so  that  a  determination,  or  rather  an 
ordering,  could  be  made  of  the  explosives  which  indicated  the  ability 
to  withstand  gamma  radiation. 

Comparisons  also  were  made  with  results  reported  by  other  inves- 
t  ations. 8 ’ 9 ’ 10 ' 11  These  will  be  noted  below  when  the  radiation- 
induced  changes  are  discussed  for  each  material.  The  reactive  mater¬ 
ials  are  listed  in  the  order  of  their  ability  to  withstand  gamma  ra¬ 
diation. 

It  should  be  pointed  out  with  regard  to  the  detonation  rate  tests 
that  the  values  obtained  with  the  irradiated  samples,  based  on  their 
total  gamma  doses ,  show  that  the  detonation  pressure  is  a  linear  func¬ 
tion  of  the  density.  However,  in  this  work  it  was  not  possible  to 
establish  clearly  whether  the  observed  changes  in  deto-ation  velocity 
and  density  were  strictly  a  consequence  of  radiation  or  possibly  a 
consequence  of  a  secondary  thermal  reaction  caused  by  the  gamma  radia¬ 
tion.  The  slopes  of  all  the  explosives  were  quite  similar  although 
for  hlix  and  TNB  they  were  based  on  only  two  data  points .  It  is  to  be 
noted  that  detonation  pressures,  calculated  from  literature  values  of 
rates  of  detonation  and  densities,  fell  fairly  close  to  their  respec¬ 
tive  slopes  in  Figure  30.  (This  is  for  densities  other  than  those 
tested  as  controls.) 

a.  TACOT 


This  high-temperature  heat-resistant  explosive  displayed  ex¬ 
cellent  radiation-resistant  characteristics  In  a  gamma  environment. 
When  exposed  to  3.7  x  10  R  TACOT  easily  passed  the  200°C  VST.  In  the 
weight  loss  measurements  (Figure  2)  the  powder  sampre^exposed  to 
1.2  x  10BE.  indicated  a  greater  loss  than  the  1.1  x  10  R  sample.  It 
is  believed  that  some  moisture  was  introduced  to  this  sample  and  DATB 
which  caused  the  varying  loss  in  weight.  However,  the  pellet^  indi¬ 
cated  a  very  minimal  change  (>1%)  to  exposures  up  to  1.1  x  10  R. 


The  DTA  thermograme  for  TACOT  are  shown  in  Figure  10.  Most 
of  the  control  traces  conducted  at  a  heating  rate  of  ?.0°C/min .  re¬ 
sulted  in  a  detonation  near  the  peak  of  the  exotherm  (398e,C).  The 
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only  trace  that  did  not  indicate  a  runaway  reaction  is  shown  as  the 
control  trace  in  Figure  10.  In  order  to  obtain  a  complete  trace  con¬ 
sistently  the  heating  rate  had  to  be  reduced  to  2.5°C/min.  with  the 
onset  of  the  exotherm  at  34Q°C  and  the  peak  at  376*C.  TACOT  does  not 
exhibit  an  endothena. 

All  of  the  irradiated  samples  of  TACOT  resulted  in  a  deto¬ 
nation  near  the  peak  of  the  exotherm.  Little  change  occurred  until 
the  TACOT  sample  was  exposed  to  levels  of  1.1  and  3.7  x  109R.  The 
exotherm  at  both  levels  was  shifted  downwards  resulting  in  detonations 
at  385°C  and  387°Cf  respectively.  At  the  highest  exposure  the  onset 
of  the  exotherm  began  at  320°C. 

TACCT  displayed  good  thermal  stability  according  to  the  TGA 
thermograms.  The  highest  level  of  exposure  (7.0  x  10*R)  produced  a 
10%  weight  l^ss  temperature  of  330°C .  For  expoaures  up  to  and  includ¬ 
ing  1.1  x  lO^R  the  10%  value  was  not  obtained  since  the  material  de¬ 
flagrated  at  406°C  for  the  control  sample  and  387°C  for  the  irradiated 
sample.  The  TACOT  exposed  to  3.7  x  10  K  and  7 .0  x  lO^R  detonated  at 
370°C  and  355°C,  respectively  with  the  10%  weight  loss  temperatures 
at  354°C  and  330°C.  At  these  two  high  exposures  the  effect  of  gamma 
radiation  was  noticable  on  the  thermal  stability  of  TACOT  since  the 
start  of  decomposition  was  240°C  and  180®C ,  respectively  compared  to 
the  control  value  of  350°C. 

TACOT  normally  decomposes  at  390°C  in  the  melting  poxnt  teBt. 
With  an  exposure  of  1.1  x  UrR  this  material  decomposes  at  378°C  and 
turns  from  a  red  orange  to  a  reddish -maroon  dark  brown.  The  IR  spectra 
did  not  show  any  changes  due  to  the  gamma  exposure.  The  impact  test 
data  shows  practically  nogchange  in  the  50%  fire  value  when  the  material 
is  exposed  up  to  1.1  x  10  R  (Table  6).  Very  consistent  results  were 
obtained  in  the  explosion  temperature  test  where  the  5-second  explosion 
temperature  was  lowered  only  411°C  to  404°C  with  an  exposure  of  1.1  x 
10  a.  With  very  little  change  in  the  dimensions  and  weight  of  the 
pellets  as  a  function  of  ^amma  dose  it  was  not  surprising  that  little 
change  was  noted  in  the  detonation  velocity  tests  (Figure  29) . 

b.  TATB 

TATB  1b  another  aromatic  compound  that  seems  to  withstand 
gamma  radiation.  Very  acceptable  results  were  obtained  in  the  200®C 
VST  with  a  sample  exposed  to  2.8  x  10  k.  The  dimensional  and  weight 
loss  measurements  seem  to  parallel  those  for  TACOT  and  DATB  at  the 
same  exposure  levels  (>1%)  . 
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As  with  TACOT ,  TATB  also  does  not  exhibit  an  endo therm.  The 
DTA  thermograms  for  TATB  as  shown  in  Figure  11  depict  one  exotherm. 

For  the  control  sample  the  peak  of  the  endothcrm  is  at  384° C  and  for 
axpoaures  of  1.0  x  10  R,  9.0  x  10  R,  7.4  x  10  R  and  2,8  x  10' R  the 
peak  shifted  to  377°C,  372ftC,  365°C  and  3636C,  respectively.  As  can 
be  seen  the  same  effect  was  noted  with  the  onset  of  the  exotherm,. 

g  The  TGA  results  for  TATB  show  that  for  exposures  up  to  7.0  x 

10  R  the  10%  weight  loss  temperature  decreased  from  35^°C  to  2S'96C. 

A  significant  shift  was  noted  at  exposures:  of  2.8  x  10' R  and  7.0  x  J.O^R. 
The  start  of  decomposition  was  125°C  compared  to  the  control  value  of 
285°C  .  For  the  latter  exposures  those  samples  detonated  at  365*0  and 
342*'C ,  respectively,  while  the  other  samples  exposed  co  levels  up  to 
7.4  x  10  R  decomposed  up  to  a  77%  total  weight  loss  ai:  405°C.  Results 
for  10°C/min.,  50°C/mtn.,  and  80eC/min.  are  listed  in  Table  4. 

At  all  exposure  levels  TATB  decomposed  in  the  melting  point 
test  at  400®C  while  the  color  changed  frou  a  bright  yellow  to  a  black¬ 
ish  green.  In  the  impact  test,  data  although  the  50°  fire  pcint  was 
lowered  from  22.16  inches,  the  irradiated  50Z  fire  point  ecaye^  In 
the  rangg  of  17-18  inches  for  the  sample  exposed  from  1.0  x  10 '  to 
7.4  x  10°R.  In  the  explosion  temperature  test  an  effect  was  noted 
in  the  5-second  explosion  temperature  which  was  lowered  from  a  control 
403°C  to  345°C  for  an  exposure  of  7 -4  x  lu  R.  However,  in  the  deto¬ 
nation  velocity  test,  only  a  1-2%  reduction  was  evident  with  the 
1.1  x  10  R  sample  from  the  control. 

c .  DATS 


This  high-temperature,  heat-resistant  explosive  waa  one  of  the 
materials  studied  which  withstood  exposure  levels  of  gamma  radiation 
up  to  and  above  1.2  x  10  K,  In  the  20^°C  VST  the  gac  evolved  wae  less 
than  1  cc  for  exposures  up  to  1.2  x  1C  K  and  6.7-5  ec  for  4.0  x  10  R. 

The  weight  loss  for  the  Irradiated  pellets  was  very  small  and  consis¬ 
tent  with  the  results  obtained  by  Eerberer.  for  smaller  pellets.11 
With  the  powder  h ample  the  weight  loss  generally  was  higher  as  a  func¬ 
tion  of  ^ose  with  the  inconsistent  value  for  the.  sample  exposed  to 
1,3  x  10  R  being  attributed  to  moisture. 

For  DATS  minor  shifts  wore  noted  in  the  DTA  thermograms'  for 
exposures  up  to  1.3  x  10°R  gatssa .  In  the  control  sample  (Figure  5) 
two  exotherms  were  evident  —  a  minor  one  nt  313'aC  and  the  major  oue 
at  353°C.  Some  shifting  of  these  exotherms  occurred  at  exposures  up 
to  1.3  x  10  R.  However ,  at  exposures  of  1.2  x  111  R  and  4.0  x  10  n, 
the  minor  exotherm  liaappeared  and  the  major  (larger)  exotherm  shifted 
to  349°C  and  343°C,  respectively- 
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The  melting  point  endotherm  also  shifted  downward  from  282°C 
to  276°C  and  finally  to  273°C .  As  can  be  seen  In  Figure  5,  the  small 
ansjothero  at  227°C ,  which  had  lowered  to  220°C  at  a  level  of  1.5  x 
10*R,  gradually  broadened  as  a  function  of  dose.  Actually  at  4.0  x 
10' R  that  endotherm  was  relocated  at  240*0  where  It  had  flatened  out 
until  It  was  Just  dlscemable. 

DATR  displayed  thermal  |tability  up  to  272°C  for  a  10%  weight 
lose  for  an  exposure  of  4.0  x  10R  gamma.  The  TGA  thermograms  indi¬ 
cated  that  at  the  highest  exposure  82%  of  the  sample  had  decomposed 
at  340 "C  while  96%  of  the  control  had  decomposed  at  345°C.  TGA  thermo- 
grama  were  obtained  for  DATS  samples  subjected  to  exposures  up  to  1.2  x 
10  R  at  heating  rates  of  10°C/min,  50°C/min,  and  80°C/min.  As  expected, 
experience  has  shown  that  the  values  obtained  at  lower  heating  rates 
were  lower  and  those  at  higher  heating  rates  were  higher  when  compared 
to  a  heating  rate  such  as  20°C/min. 


I 
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^The  melting  point  was  only  lowered  2°C  for  a  total  dose  of 
1.2  x  10  k  although  in  the  DTA  trace  the  endotherm  wos  lowered  almost 
10"C.  The  color  of  the  explosive  darkened  from  a  yellow  to  a  dark, 
purplish  brown  from  the  exposures.  The  impact  test  resultB  did  re¬ 
veal  a  lowering  of  the  50%  point  as  a  function  of  gamma  dose  from  a 
control  value  of  20.64  to  13.50  inches  for  the  highest  exposure.  The 
5-»*co«d  explosion  temperature  value  was  reduced  monotonically  irora 
396WC  to  365°C  as  a  function  of  dose  with  li‘ tie  change  in  the  appa¬ 
rent  activation  energy.  With  respect  to  performance,  DATB  displayed 
excellent  results  since  the  effect  on  the  detonation  velocity  was 
minimal = 


d.  HMjj, 

The  resultB  obtained  on  HMX  as  a  function  of  gamma  dose  strong¬ 
ly  indicate  that  (he  threshold  irradiation  level  that  HMX  can  withstand 
is  up  to  1.0  x  10 '’ft.  This  is  hcrne  out  by  the  results  from  the  VST, 
weight  loss,  DTA,  TGA,  malting  point,  5-aecuud  explosion  temperature 
and  the  detonation  velocity.  The  most  indicative  factor  was  the  crumb¬ 
ling  of  the  pellets  at  the  1.1  x  1(  exposure  level.  For  HMX ,  the 
highest  gamma  dose  exposure,  from  w  ich  an  acceptable,  although 
marginal,  200 '"C  VSf  value  was  obtained,  was  1.1  x  10  R. 

The  DTA  thermograms  of  the  control  and  irradiated  samples 
of  IRE  in  Figure  6  reveal  that  the  peak^exotherm  moved  upwards  to  293°C 
from  286®C  with  an  exposure  of  1.1  ^  10  R  but  decreased  to  270°C  when 
exposed  to  1.0  x  10  it  .  At  1.1  x  10  R  a  small  exotherm  appears  with  a 
peak  at  119' C  and  th^s  also  flattened  out  at  172°C  with  the  increased 
exposure  at  1,0  x  1?R  gamma. 
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In  the  TGA  results  the  10%  weight  loss  temperature  of  HMX 
decreased  from  282°^  to  185“C  as  the  gamma  radiation  dose  wee  In¬ 
creased  to  1.0  x  10*R.  A  lower  onset  of  decomposition  also  was  noted. 
This  onset  temperature  was  decreased  from  the  control  value  of  250*C 
to  105*C  for  the  1.0  x  10*R  level.  In  the  same  range  the  temperature 
at  which  the  HMX  detonated  was  lowered  from  282°G  to  252®C. 

The  tselting  point  value  for  HMX  did  not  change  significantly 
until  the  1,1.  *  10*R  level  where  the  material  decomposed  at  255°C. 

HMX  did  not  change  in  color.  It  remained  white  up  to  the  level  of 
1.0  x  10 V 


The  impact  sensitivity  data  indicated  that  HMX  becomes  more 
sensitive  as  a  function  of  dose  from  a  control  50%  value  of  14.04 

g 

inches  to  8.96  inches  when  exposed  to  1.1  x  10  R.  Although  not  con¬ 
sidered  significant,  an  increase  of  1  inch  was  recorded  for  the 
material  exposed  to  a  level  of  1.0  x  10  k.  In  the  explosion  tempera¬ 
ture  test  the  5-second  temperature  decreased  by  14cC  to  286°C  when 
subjecte^  to  a  dose  of  1.1  x  10°R  (Figure  18).  However,  at  the 
1.0  x  10  a  level  the  5-second  explosion  temperature  value  was  lowered 
to  201°C  —  almost  a  100“C  reduction  (Figures  18,  27).  The  same  type 
effect  was  noted  in  the  apparent  activation  energy  values  (Table  7) . 
In  the  detonation  velocity  tes^s  a  definite  change  of  4.5%  was  noted 
in  the  density  at  the  1,3  x  10  R  exposure  level  which  reduced  the 
detonation  velocity  from  8620  to  8410  m/sec.  The  VST,  DTA,  weight 
loss,  melting  point  and  impact  test  data  were  in  agreement  with  re¬ 
sults  obtained  by  Berberet^1  and  Urizar  et  al1#,  although  the  latter 
subjected  their  samples  to  a  combined  neutron  and  gamma  environment. 

e .  Tetryl 

This  boositer-type  aromatic  compound  produced  some  erratic 
resu  ;s  ^hen  aublvfcted  to  g«mma  radiation.  With  the  VST  only  the 
1.4  x  10  R  sample  was  able  to  pitas  the  120°C  test  while  the  1.2  x 
10* R  sample  failed.  However,  it  did  pass  the  1Q0°C  test.  This  may 
have  been  due  to  its  melting  point.  The  weight  losa  measurements  _ 
in  powdei  and  pellet:  form  increased  dramatically  from  the  1.3  x  10  it 
to  1.0  x  10 'R  exposure  level. 11 

By  the  DTA  traces  tetryl  did  not  ghow  much  change  jjuitil  it 
was  subjected  to  an  exposure  over  1.2  x  10  R.  At  1.05  x  10  S  gamma 
the  melting  point  and others  had  widened  and  shifted  from  the  control 
temperature  of  12&°C  to  117°C .  From  Figure.  12  it  can  be  seen  that 
the  tall  maximum  exotherm  at  220®C  was  reduced  and  broadened  with 
peaks  at  195°C  and  ZlO’C  for  the  1.05  x  KrR  exposure  level  and 
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164°C  and  203°C  for  the  1.44  x  10~*R  level.  For  the  highest  level 
(1.44  x  105R)  the  widened  endothera  peaked  at  109°C. 


With  the  TGA  traces  the  10X  weight  Iosb  temperature  of  tetryl 
could  not  be  obtained  since  the  samples  had  lout  only  7-81  when  de¬ 
flagration  occurred.  Tetryl  deflagrated  in  the  range  from  215°C  to 
212°C  when  subjected  to  gamma  radiation  up  to  1.2  x  10°R.  The  onset 
of  decomposition  was  lowered  from  the  control  value  of  180°C  to  140°C 
after  being  exposed  to  a  dose  of  1.2  x  10  r.  The  color  changed  from 
yellow  to  a  brownish  yellow  at  the  highest  exposure.  The  impact 
test  results,  although  within  a  small  range  (17-19  inches),  seem  to 
indicate  an  erratic  behavior.  Although  the  1.2  x  10  R  sample  was  the 
only  irradiated  tetryl  subjected  to  the  explosion  temperature  test, 
the  results  were  comparable  with  the  control  but  for  a  decrease  from 
243°C  to  236°C  in  the  5-second  value.  In  the  detonation  velocity 


tests  a  density  change  did  not  become  evident  until  the  sample  had 
been  exposed  to  1.3  x  10°R  where  it  went  from  1.65  to  1,62  g/cc. 
However,  at  the  1  0  x  10  R  level  the  density  change  was  from  1.62  to 


1.47  g/cc  which  lowered  the  detonation  velocity  from  7540  to  7010  m/aec 


f .  TNB 


Two  aromatic  explosives ,  TNB  and  TNT ,  selected  for  this  pro¬ 
gram,  have  relatively  low  melting  points  (120°C  and  81.5°C,  respec¬ 
tively)  .  Of  the  two  TNB  displayed  more  resistance  to  gamma  radiation. 
TNB  produced  acceptable  results  in  both  the  100°C  aud  2C!0°C  tests  al¬ 
though  the  1.0  x  10  R  sample  evolved  almost  three  times  as  much  gas  in 
the  100°C  test  as  the  200°C  test.  Although  the  1.0  x  10  R  sample  in 
powder  form  did  not  produce  mugh  of  a  weight  loss ,  the  pellets  were 
all  broken.  Also  the  1.0  x  10  R  sample  pellets  crumbled  upon  contact 
so  that  the  detonation  velocity  tests  could  not  be  performed  for  these 
two  exposures .  The  weight  loss  values  agree  with  the  results  by 
Berberet . 1 1 


TNB  does  not  display  any  exotherms .  Two  endotherma  character¬ 
ize  its  DTA  thermogram  as  shown  in  Figure  13.  The  control  trace  in¬ 
dicated  a  minor  peak  en<}gtherm  at  121"C  and  a  major  one  at  353*0 , 

TNB  was  subjected  to  Co  gamma  radiation  exposures  as  follows: 

1.5  x  10  R,  1.3  x  19^R  and  1.0  x  10  R.  Due  to  the  irradiations,  the 
first  endothenn  (.1.21°C)  shifted  to  119°C,  120°C,  and  112°C,  respec¬ 
tively.  The  second  endotherm  became  a  doublet  with  pesko  at  3<-7sC  and 
351°C  with  a  dose  of  ^.5  x  10^R,  stayed  a  doublet  with  peaks  at  356°C 
and  361°C  at  1.3  x  10  R  and  returned  to  a  single  endothenn  located  at 
349°C  with  an  exposure  of  1.0  x  10  R. 
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TGA  thermograms  were  obtained  for  TNB  which  had  been  ub- 
j acted  to  exposures  up  to  1.0  x  1Q*R  game.  The  10%  weight  lc  8 
temperature  ranged  from  218°C  to  180eC  for  the  Irradiation  noted. 

The  traces  also  Indicated  that  95-97%  of  these  samples  were  decomposed 
at  285°C  for  the  control  and  245°C  for  the  sample  which  received 
1.0  x  10^R.  The  reeults  for  TNB  samples  heated  at  10®C/mtnt  50°C/ 
min,  and  80°C/min.  are  listed  In  Table  4. 

9 

The  highest  exposure,  1.0  x  10  R,  produced  a  color  change 
from  pale  yellow  to  brown  and  the  melting  point  was  lowered  from  120°C 
to  113°C.  The  SOX  impact  test  results  changed  from  23.26  inches  for 
the  control  downgto  18.5  for  the  1.4  x  10k  sample,  back  up  to  20.S 
fo£  the  1.2  x  10 °R  sample  and  then  up  further  to  32.5  for  the  1.0  x 
10k  sample.  The  5-aecon^  exposure  temperature  shifted  down  from  452°C 
to  434°Cgfor  the  1.5  x  10  R  sample  and  then  back  up  to  458°C  for  the 
1.3  x  10 °R  sample.  This  cannot  be  explained  at  this  time.  With  the 
detonation  velocity  rejults  only  the  lowest  radiation  exposure  was 
tested  and  this  did  not  produce  any  change . 

g.  TNT 

TNT  has  the  lowest  melting  point  of  any  explosive  in  this 
study.  The  VST  was  conducted  only  at  the  1D0°C  temperature  and  TNT 
produced  acceptable  results  at  the  1.0  x  10  P.  exposure  level.  The 
weight  loss  ol  the  pellets,  which  showed  a  definite  increase  as  a 
function  c£  agreed  with  the  results  by  Berberet11  for  exposure 

up  to  1.0  x  ‘..VR.  The  DTA  traces  start  showing  definite  changes  at 
the  1.0  x  10  k  level  which  increase  at  the  1.0  x  109R  level. 

The  TNT  DTA  thermograms  are  depicted  in  Figure  14 .  The 
conXrol  DTA  trace  indicates  a  peak  endotherm  at  81°C  and  a  peak  exo¬ 
therm  at  324°C,  As  a  function  of  gamma  radiation  both  of  these  peaks 
were  lowered  in  temperature.  At  1.0  x  10  R  the  endotherm  stayed  at 
81°C  while  the  exotherm  peaked  at  321°C.  At  1.0  x  10k  the  endo¬ 
therm  became  a  doublet  with  peaks  at  78°C  and  79°C  while  the  peak 
ofgthe  exotherm  was  relocated  at  315°C.  At  the  highest  dose,  1.0  x 
10  x  the  endotherm  widened  almost  from  the  start  of  the  trace  with 
a  peak  at  71°C  and  the  exothenu  had  shifted  to  290°C . 

JPot  TNT  TGA  thermograms  were  obtained  for  exposures  up  to 
1.0  x  10  k.  The  10%  weight  loss  temperature  decrease.d  fro®  190°C  for 
the  control  value  to  173°C  for  the  1.0  x  10 yR  exposure.  For  the 
control  sample  99%  of  the  material  had  decomposed  at  250°C  while  for 
the  1.0  x  10  R  sample  86%  of  its  weight  was  lost  at  235°C. 
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The  Impact  data  Implies  that  TNT  became  less  sensitive  as 
a  function  of  gamma  dose  goln|  from  a  50X  value  of  25.5  Inches  to 
30.11  Inches  for  the  1.0  x  10  k  level.  The  5-second  explosion  temper¬ 
ature  value  did  not  change  very  much  when  exposed  to  1.0  x  10°R  but 
at  the  1.0  x  10  it  level  the  value  went  from  396°C  to  345°C.  In  the 
detonation  velocity  test  a  slight  change  was  evident  at  the  1.0  i 
10 level  but  a  significant  effect  occurred  with  the  1.0  x  10  R 
sample  where  the  density  of  that  material  was  lowered  from  1.57  to 
1.45  g/cc  and  the  velocity  was  reduced  from  6875  to  6375  m/sec. 

h.  RDX 

Compared  to  HMX,  RDX  was  affected  the  most,  baaed  on  the  ex¬ 
posures  to  which  these  materials  were  subjected.  JJn  the  VST  the  only 
acceptable  results  were  obtained  with  the  1.0  x  lO'R  sample  and  this 
was  only  with  the  100°C  test.  In  the  weight  loss  measurements  the 
RDX  pellets  which  had  been  subjected  to  1.0  x  10*11  became  very  soft 
and  crumbled  on  contact,  giving  off  a  strong  odor.  Berberet11  and 
Urizar10  reported  the  same  type  of  results. 

Figure  9  depicts  the  DTA  thermograms  for  RDX.  The  control 
DTA  showed  a  double  endotherm  with  jpaka  at  193°C  and  197°C.  When 
exposed  to  a  gamma  dose  ot  1.0  x  10  R  one  of  the  endotheras  disap¬ 
peared  with  the  other  peaking  at  194°C.  At  an  exposure  of  9.0  x 
10 *R  the  other  endotherm  reappeared  at  184°C  while  the  major  endo- 
thenn  remained  at  194°C .  However,  with  a  total  dose  of  1.06  x  10yR 
the  endotherm  widened  indicating  only  one  peak  at  190°C . 

The  TGA  results  obtained  for  RDX  showed  some  pronounced  ef¬ 
fects  and  they  did  not  follow  the  same  trend  as  HMX.  The  101  weight 
loss  temperature  for  RDX  was  lowered  drastically  fro^  230°C  for  the 
control  to  63°C  for  a  R.T  X  sample  exposed  to  9.0  x  10  R  gamma.  In 
each  case  the  material  deflagrated  or  detonated  at  240°C .  For  those 
samples  the  start  of  decomposition  occurred  at  190°C  and  38°C, 
respectively,  which  indicated  a  significant  change  caused  by  the 
gamma  radiation. 
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The  RDX  exposed  to  1.06  x  10  R  became  a  white  paste  and  de¬ 
composed  at  191°C  in  the  melting  point  test.10  The  ^mpact  test  data 
indicated  an  increase  in  sensitivity  at  the  9.0  x  lO'R  which  does  not 
agree  with  Urizar10  at  about  the  same  level.  The  different  type  im¬ 
pact  test  may  be  part  of  the  answer.  At  the  same  exposure  level  the 
5-second  explosion  temperature  was  reduced  from  261°C  to  249°C  with 
little  change  in  the  slope.  The  detonation  velocity  was  not  affected 
at  the  1.0  x  10  R  level  but  at  the  1.0  x  10  R  level  the  RDX  pelletf 
were  so  fragile  that  the  dencity  and  weight  measurements  were  not 


made.  The  pellets  were  assembled  and  a  detonation  velocity  of 
6935  tn/sec  was  obtained  which  was  a  significant  decrease. 

i.  PETN 


PETN  was  the  other  aliphatic  compound  besides  NGu  studied 
in  this  program.  Although  the  effect  of  gamma  radiation  was  not  as 
drastic  in  the  detonation  velocity  results  as  NGu,  the  results  still 
indicated  that  the  material  undergoes  a  very  significant  change  under 
any  amount  of  radiation.  In  the  VST,  PETN^could  only  pass  the  100°C 
test  with  the  minimum  exposure  of  1.0  x  10 'R.  Both  in  the  powder  and 
pellet  form  definite  effects  were  noticeable  in  the  weight  loss  meas¬ 
urements.  The  pellets  swelled  and  the  weight  loss  at  the  9.0  x  10  r. 
level  was  the  highest  of  any  of  the  other  explosive  pellets  (7. IX). 


In  the  DTA  thermogra®  for  PETN  the  effectB  of  gamma  radia¬ 
tion  at  levels  up  to  9.0  x  10k  aB  shown  in  Figure  8  were  slight. 

The  peak  exotherm  had  not  shifted  and  the  peak  endotherm  had  widened 
and  moved-f rom  143®C  to  138eC .  Although  the  DTA  thermogram  for  the 
1.06  x  HTR  sample  was  not  perfectly  horizontal,  it  did  indicate  that 
the  endotherm  had  disappeared  and  that  two  broad  exotherms  were  evi¬ 
dent  at  163*C  and  242*C. 


The  TGA  traces  for  PETN  subjected  to  levelB  up  to  9.0  x  10  R 
and  the  control  sample  indicated  that  about  96%  decomposition  occurred 
at  220°C.  Although  the  10X  weight  loss  temperature  reduced  from  187°C 
to  177°C,  the  important  part  is  that  the  onset  of  decomposition  did 
decrease  drastically  from  160°C  for  the  control  sample  to  70°C  for 
a  dose  of  9.0  x  10 'R.  When  the  samples  were  run  at  a  heating  rate  of 
50°C/min.  the  trend  remained  the  same,  but  all  of  the  sampled  defla¬ 
grated  in  the  range  from  219°C  to  212*0 . 


The  9.0  x  107R  exposure  produced  a  5°C  shift  to  a  lower 
temperature  for  the  melting  point  and  the  1.06  x  10  R  sample  was  re¬ 
duced  to  a  white  paste.  The  results  for  the  VST  and  melting  point 
were  consistent  with  those  reported  by  Rosenwasaer  and  reviewed  by 
Kaufman*  although  the  energy  of  the  gamma  radiation  used  in  that 
study  was  one-third  of  the  gamma  energy  of  the  program.  In  addition 
the  weight  Iosb  results  of  Urizar  et  aln  at  the  integrated  flux 
level  which  included  a  2  x  10 aR  gamma  component  were  in  agreement  with 
the  results  at  the  corresponding  exposure.  The  impact  test  results 
were  erratic.  Although  the  9.0  x  1Q7R  sample  indicated  only  a  reduc¬ 
tion  of  2  inches  in  the  50X  fire  point  the  standard  deviation  was 
very  large.  The  1.06  x  10*R  sample  was  not  Impact  Rested  because  it 
was  pasty  and  stuck  in  the  vial.  Only  the  9.0  x  10  R  sample  was 
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tasted  In  the  explosion  temperature  test  and  the  5-second  temperature 
end  the  apparent  activation  energy  indicated  a  downward  trend.  In 
the  detonation  velocity  tests  the  significant  changes  in  the  diameter 
and  weight  loss  affected  the  detonation  velocity  for  the  9.0  s  10k 
sample  to  be  reduced  from  the  contest  8jj45  m/sec  to  7660  m/sec.  All 
the  pellets  irradiated  at  the  1.06  x  10  k  level  crumbled. 

j .  Nitroguanidine  (NGu) 

The  aliphatic  compound  NGu  did  not  display  much  resistance 
to  gamma  radiation.  The  most  drastic  and  permanent  effect  was  shown 
when  the  pellets  Irradiated  to  a  level  of  1.3  x  10  R  would  not  deto¬ 
nate  in  the  detonation  velocity  test  although  only  a  0.4%  weight  loss 
was  noted.  In  the  VST  data  the  material  indicated  acceptable  results 
in  the  120°C  test  to  exposures  up  to  1.1  x  1C  k. 

Nitroguanidine  waSglrradiated  at  different  levels  up  to  a 
total  exposure  of  1.44  x  10  K  gamma.  As  can  be  seen  In  Figure  7  the 
DTA  thermograms  indicate  that  peak  exotherm  starts  from  the  melting 
point  endotherm  at  240°.  Both  the  endo therm  and  exotherm  are  lowered 
in  temperature  from  the  effects  of  gamma  radiation.  The  peak  exotherm 
shifts  from  the  control  temperature  at  249°C  downward  to  234°C  for  a 
total  exposure  of  1.44  x  IO’r.  The  endotherm  not  only  shifts  in  the 
same  direction  from  240SC  to  2Z65 C  but  it  also  becomes  shallower. 

TGA  thermograms  were  obtained  on  nitroguanidine  (NGu)  samples 
that  had  been  subjected  to  total  doses  up  to  1.1  x  10  R  gamma.  Both 
control  and  Irradiated  samples  deflagrated  in  the  range  from  249 °C 
to  244°C  with  the  10%  weight  loss  temperature  decreasing  from  248°C 
to  231°C. 


The  melting  point  did  not  exhibit  much  of  a  change  but 
another  effect  that  indicated  substantial  deaen&ltlzatlon  was  the 
fact  that  in^the  impact  test  no  fires  were  recorded  at  36  inches  for 
the  l.Q  x  10  R  sample.  Ir.  the  explosion  temperature  test  thc-5-secuud 
value  did  not  show  a  major  shift  for  exposures  up  to  1.1  x  IQ  K.  ^his 
also  was  reflected  in  the  apparent  activation  energy.  At  1.0  x  10  R 
and  also  at  1.0  x  10  a  nitroguanidine  (NGu)  would  not  propagate  when 
tested. 


k.  Barium  Azide 


This  inorganic  azide,  though  a  reactive  material,  is  not  a 
true  explosive.  Of  all  the  materials  tested,  this  one  was  affected 
the  most  by  the  gamma  radiation.  The  VST  results  show  that  the 
material  deflagrated  in  the  20Q°C  test  at  exposures  as  low  as 
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1.4  x  10  R.  When  the  test  was  rerun  at  1Q0*C  for  40  hours  an  exces¬ 
sive  gas  evolution  was  obtained  for  the  staple  exposed  to  1.2  x  10  K. 
The  acceptable  value  at  100*0,  when  exposed  to  1.0  x  10VR,  Is  probably 
explained  by  the  comparable  OTA  and  TGA  thermograms .  In  the  DTA  the 
large  exotherm  has  practically  disappeared  ao  the  sample  may  have  been 
only  a  r.  si due.  Actually  the  IR  spectra  (Figure  15)  Indicated  that  the 
material  was  decomposed  and  subsequently  reformed  into  a  form  of 
barium  carbonate.  This  was  the  only  material  in  wh£ch  the  melting 
point  Increased  with  exposure  and  with  the  1.2  x  10 °R  sample  the 
material  exploded  at  260°C.  The  impact  teat  results  were  erratic  but 
the  sample  with  the  highest  exposure  did  not  indicate  any  fires  at 
36  inches.  A  definite  change  was  noted  in  the  explosion  temperature 
results  where  a  -63°C  change  was  noted  in  the  5-second  temperature 
for  an  exposure  of  1.2  x  10 °R.  The  impact  test  results  were  erratic. 

If  the  material  had  changed,  these  results  are  not  surprising.  Since 
a  detonation  velocity  could  not  be  achieved,  pellets  made  from  BaN^ 
were  not  irradiated.  However,  ingpowder  form  the  weight  loss  for 
BsN^  from  an  exposure  of  1.4  x  101.  was  4.5X. 


According  to  the  DTA  traces,  the  effect  of  ganmta  radiation 
on  BaN,  was  significant.  As  seen  in  Figure  4  the  peak  of  the  exo¬ 
therm  at  210°C  for  the  control  sample  shifted  to  152°C  with  s  total 
gamma  dose  of  1.4  x^lO^R,  then  to  126°C  with  a  dose  of  1.2  x  10°R  ar 
finally  at  1.0  x  10*R  a  very  small  sharp  peak  was  evident  at  265*0. 


The  thermal  stability  of  BaN,  was  affected  by  the  gamma  ra¬ 
diation.  The  103C  weight  loss  temperature  could  not  be  obtained  for 
any  control  or  irradiated  sample  at  that  heating  rate.  The  start  of 
the  decomposition  was  lowered  from  the  control  temperature  of  193°C 
to  143°C  with  an  exposure  of  1.4  x  10  K  and  further  to  100°C  for  a 
level  of  1.2  x  10°R.  These  samples  deflagrated  at  133aC,  145°C  and 
125°C ,  respectively.  The  sample  exposed  to  a  level  of  1.0  x  10  7R 
resembled  a  sample  which  displayed  little  reaction  -  actually  only 
9. SIC  weight  losg  had  occurred  up  to  450°C.  The  DTA  and  TGA  traces 
of  the  1 .0  x  107R  sample  do  resemble  those  for  barium  carbonate  as 
shown  in  the  IR  spectra. 

The  IR  spectra  for  BaN^  indicated  that  definlt^  shifts  had 
occurred  at  each  increased  exposure  level  from  1.4  x  10  R,  1.2  x  10  °R 
to  1.05  x  10  k.  Changes  in  peaks  and  intensities  are  evident  as  a 
function  of  gamma  dose  but  the  entire  spectra  from  control  to  the 
material  subjected  to  the  highest  exposure  indicated  a  change  in  the 
material. 4  Comparing  this  to  other  IR  spectra  indicated  that  the 
1.05  x  10  K  BaN^  became  a  form  of  barium  carbonate.  This  is  not 
surprising  when  it  is  realized  that  the  j}aNg  was  irradiated  in  air 
at  room  temperature  for  approximately  10  hours. 
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SUMMARY 


The  effects  of  ganaa  radiation  on  the  thermal  stability,  purity, 
sensitivity  and  performance  of  several  military  explosives  have  bean 
determined. 

The  following  threshold  limits  were  derived  for  damage  as  a 
function  of  total  games  dose: 

a.  RDX,  FETN  and  NGu  can  withstand  game  radiation  to  a 
level  of  1.0  x  10  7R. 

b.  HMX,  tetryl ,  TNB  and  THT  can  withstand  gamma  radiation 
to  a  level  of  1.0  x  10®R. 

c.  TACOT,  TATB  and  DATB  can  withstand  gaana  radiation  to  a 
level  of  1.0  x  109R. 


d .  BaNfe 
of  1.4  x  107R. 


was  not  able  to  withstand  a  gamma  radiation  level 
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